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Research Article 

A Study of Glucosylceramide Synthase 
and Glycolytic Pathway Enzymes in 
Patients with Hypereosinophilia 


Abstract 

Glucosylceramide synthase is the rate limiting enzyme in ceramide glycosylation and shifts the 
balance between ceramide and glycosphingolipids towards proliferation and survival of cancer cells. 
Increased glucose availability and glycolytic metabolism is preferentially used by cancer cells and has 
been linked to glycosphingolipid formation. We measured gene expression levels of glucosylceramide 
synthase and of glycolytic pathway enzymes, glucose transporter 1 and hexokinase II, as well as 
protein expression of glucosylceramide synthase, on trephine biopsy samples from 13 patients with 
hypereosinophilia, We found no significant differences in expression levels of any of the enzymes in 
patients with secondary causes of hypereosinophilia compared to those with either suspected or proven 
clonal hypereosinophilia. 


Introduction 

Eosinophilia, defined as a peripheral blood eosinophil 
count > 0.5 x io 9 /L, is frequently encountered in clinical 
practice. Reactive eosinophilia is a secondary cytokine driven 
phenomenon, due to a wide range of inflammatory, infectious, 
allergic and neoplastic conditions [i]. Less commonly, when 
there is an underlying stem cell, myeloid or eosinophilic 
neoplasm, eosinophilic cells are considered clonal [1,2]. 

According to recent consensus proposals, hypereosinophilic 
syndrome (HES) is defined as (i) hypereosinophilia (HE) 
(eosinophil count >1.5 x io 9 /L), documented on at least 
2 occasions, or marked tissue eosinophilia, (ii) clinical 
manifestations attributable to the eosinophilia, and (iii) the 
absence of an alternative explanation for the observed organ 
damage [3]. HES can be divided into primary (neoplastic) 
(HESN), where eosinophils are considered neoplastic (clonal), 
secondary (reactive) (HESR), where eosinophilia is non- 
clonal and cytokine driven by an underlying condition/ 
disease and idiopathic HES, with no evidence of an underlying 
reactive or neoplastic condition [3]. In addition, for patients 
with unexplained persistent asymptomatic HE, the term 
hypereosinophilia of unknown significance (HEUS) has been 
coined. Such patients have no evidence of an underlying 
hereditary, reactive or neoplastic condition but also no evidence 
of eosinophil-related organ damage and their prognosis is 
uncertain [3]. 


Although some patients with HESN are relatively easy to 
diagnose, such as patients with chronic eosinophilic leukemia 
(CEL) with the FIP1L1-PDGFRA fusion gene and exquisite 
sensitivity to imatinib [4], clonality may be difficult to detect in 
many other cases of suspected HESN, and some cases of clonal 
eosinophilia may thus be assigned to the category of idiopathic 
HES or HEUS. 

Ceramide and glycosphingolipids (GSLs) are important 
biological molecules in cellular processes of cancer progression 
due to their effects on various aspects of cell function such as 
apoptosis (programmed cell death), proliferation and migration 
[5]. The balance between ceramide and GSLs can induce cancer 
cells to proliferate or to undergo apoptosis [ 6]. Glucosylceramide 
synthase (GCS) (also known as UDP-glucose ceramide glucosyl 
transferase (UGCG)) is the rate limiting enzyme in ceramide 
glycosylation by shifting reactions to generate metabolites in 
favour of cancer [7]. Following chemotherapy or radiotherapy, 
an increase in ceramide leads to proliferation arrest and 
apoptosis of the cancer cells [8]. However, enhanced ceramide 
glycosylation, by promptly converting pro apoptotic ceramide 
into pro survival glucosylceramide, inhibits these processes 
and is one recognised mechanism of drug resistance in cancer 
[8]. GCS has been shown to be upregulated in many cancer 
cells [8]. In chronic lymphocytic leukemia (CLL), the most 
common leukemia, B cell receptor triggers apoptosis resistance 
of primary CLL cells by upregulating GCS and thus, reducing 
the ratio of ceramide to glucosylceramide [9]. Unlike patients 
with reactive eosinophilia, cultured eosinophils from patients 
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with HES have delayed spontaneous apoptosis and relative 
resistance towards ceramide- but not CD95-mediated death 
[ 10 ]. 

Cancer cells preferentially utilise increased glucose 
availability and glycolytic metabolism to produce ATP, with 
Glucose transporter l (GLUTi) and Hexokinase II (HK2) 
frequently overexpressed to take up elevated amounts of 
glucose [ii], A definite link has now been shown to exist 
between glucose availability and GSL formation [12]. In a 
leukemia cell line with elevated glucosylceramide, treatment 
with inhibitors of glycolysis or the pentose phosphate pathway 
significantly decreased glucosylceramide [12]. 

In this study, we compared gene and protein expression 
levels of GCS in patients with HESN, idiopathic HES and 
HEus to those of patients with secondary HE to investigate 
the possibility that patients with proven or suspected clonal 
eosinophilia, in contrast to those with secondary eosinophilia, 
have increased levels of GCS, resulting in a reduced ceramide: 
glucosylceramide ratio with consequent resistance to apoptosis 
and increased proliferation. As well as being of diagnostic 
use, the demonstration of increased GCS in patients with 
clonal eosinophilia might also be of therapeutic benefit as 
the combination of ceramide with a GCS inhibitor might be 
an effective therapeutic strategy [13]. We also measured gene 
expression levels of GLUTi and HK2 as measures of increased 
glucose uptake. 

Materials and Methods 

After study approval by Beaumont Hospital Ethics 
Committee, 13 consecutive patients with eosinophil counts > 
1.5 x io 9 /L gave written informed consent for this study. 

All patients had the following tests performed at diagnosis: 
peripheral blood samples for complete blood count, serum 
immunoglobulins, including total serum IgE, serology for 
helminths, autoimmune screen, including antineutrophil 
cytoplasmic antibodies (ANCA), serum tryptase, T cell 
immunophenotype and T cell receptor gene rearrangement 
studies and JAK2V617F mutation; bone marrow aspirate, 
trephine biopsy and bone marrow cytogenetics, including 
FISH probe to detect interstitial deletion on chromosome 4qi2, 
which results in the formation of the FIPiLi-PDGFRa fusion 
gene; CT scan of chest, abdomen and pelvis. 

Total RNA extraction from archive formalin-fixed paraffin- 
embedded (FFPE) diagnostic bone marrow trephine tissue 
blocks was performed using the miRNeasy FFPE kit from 
Qiagen according to the manufacturers’ instructions. The 
concentration and quality was evaluated by a Nanodrop. cDNA 
was synthesized from 2pg of total RNA using the Applied 
Biosystems high capacity reverse transcription kit which was 
performed on a G-storm thermocycler. Primer and probe 
for the GCS (12), GLUTi and HK2 [14], were synthesised by 
Eurogentec. Standards were synthesized by Euro fin. 

For real time PCR, 4 pi cDNA was mixed with 12.5 pi Taqman 
fast universal master mix (Applied Biosystems), 400nM 
specific oligonucleotide primers (Eurogentec) and 5.5 pi dH 2 0 


(Sigma) to a final volume of 25 pi. An internal housekeeping 
gene control, GAPDH was used to normalize differences in 
RNA isolation, RNA degradation, and the efficiencies of the RT 
(Applied Biosystems). PCR reaction was carried out as follows: 
95°C for 30s; denaturation 95°C 5s; annealing 6o°C for 5s; 40 
cycles in total. Primers and probes were validated for efficiency 
prior to use in qPCR. The sequences of the primers and probes 
are shown in table 1. 

Immunohistochemical staining for GCS protein expression 
was performed on slides from the archive FFPE diagnostic 
bone marrow trephine tissue blocks. Staining was performed 
using Anti-GCS antibody (Sigma-Aldrich) on the benchmark 
ultra-platform using optiview detection kit with amplification 
at a dilution of 1:100 with 90 minute heat mediated antigen 
retrieval. 

Statistics 

The Mann-Whitney U test was used to compare differences 
between two independent groups. Pearson correlation 
coefficient was used as a measure of linear dependence between 
two variables. P values < 0.05 were considered statistically 
significant. 

Results 

Based on the results of investigations listed in the Materials 
and Methods section, the following diagnoses were made: 
CEL with FIPlLl-PDGFRA fusion gene (n=l); idiopathic HES 
(n=3); HEUS (n=2); secondary eosinophilia (n=7) (Table 2). 
Three of the cases of secondary eosinophilia had an underlying 
diagnosis of T cell lymphoma but none of the cases had bone 
marrow involvement by lymphoma. 

No significant differences in gene expression levels of GCS, 
HK2 and GLUTi or in protein expression of GCS were found 
between patients with secondary eosinophilia and the group 
of patients with CEL, idiopathic HES and HEUS (Table 2). In 
addition, there were no statistically significant correlations 
between peripheral blood eosinophil count at diagnosis and 
gene expression levels of either GCS, HK2 or GLUTi. Images 
of patient trephine biopsy slides, positive and negative for GCS 
protein expression, are shown in figure 1. 


Table 1: qPCR primers and probes. 

Primer Set 

Primer Sequence 

GCS Forward primer 

5'-TGC-TCA-GTA-CAT-TGC-CGA-AGA-3' 

GCS Reverse primer 

5'-TGG-ACA-TTG-CAA-ACC-TCC-AA-3' 

GCS Probe* 

5'-TT A-TGG-CCA-AAG-CG A-T AG-CT G-ACC-G AG-3' 

Hexokinase II Forward primer 

5’-CGG-CCG-TGC-TAC-AAT-AGG-3’ 

Hexokinase II Reverse primer 

5'-CTC-GGG-AT C-ATG-TG A-G G G-3' 

Hexokinase II Probe* 

5’-TGC-TTT-AGA-CGT-GTG-ACT-GGG-CAG-3' 

GLUT-1 Forward primer 

5'-CAT-CAT-CTT-CAT-CCC-GGC-3’ 

GLUT-1 Reverse primer 

5’-CTC-CTC-GTT-GCG-GTT-GAT-3’ 

GLUT-1 Probe* 

5'-AGT-GCA-TCG-TGC-TGC-CCT-TCT-G -3' 

* All probes labelled with 5' 6-Carboxyfluorescein (FAM) reporter dye and 3' 
5-Carboxytetramethylrhodamine (TAMRA). 
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Table 2: Summary of patients' demographics and results for GCS, GLUT1, HK2 gene expression and GCS protein expression. 


Patient 

Age 

Gender 

Diagnosis 

Eosinophil Count 

At Diagnosis 

GCS 

ACT Value 

HK2 

ACT Value 

GLUT1 

ACT Value 

GCS protein 
Result 

1 

55 

M 

CEL 

4.6 

2.45 

3.28 

1.98 

POS 

2 

45 

M 

Idiopathic HES 

3.89 

3.86 

4.56 

-1.99 

NEG 

3 

62 

M 

Idiopathic HES 

2.62 

3.94 

4.2 

-1.88 

NEG 

4 

32 

M 

Idiopathic HES 

24.07 

3.55 

4.33 

-0.46 

POS 

5 

35 

F 

HEus 

2.66 

1.45 

2.4 

1.5 

NEG 

6 

55 

F 

HEus 

6.45 

2.35 

3.71 

1.5 

NEG 

7 

65 

M 

T cell non Hodgkins lymphoma 

39.74 

3.27 

4.58 

-0.92 

NEG 

8 

67 

F 

T cell non Hodgkins lymphoma 

6.34 

2.9 

1.83 

3.18 

NEG 

9 

56 

M 

T cell non Hodgkins lymphoma 

7.75 

2.16 

7.31 

-1.9 

NEG 

10 

54 

F 

Eosinophilia gastroenteritis 

7.0 

3.41 

1.47 

0.75 

NEG 

11 

78 

M 

ANCA positive vasculitis 

2.53 

3.25 

6.66 

0.22 

NEG 

12 

43 

F 

Chung Strauss syndrome 

6.42 

3.15 

2.94 

0.37 

POS 

13 

68 

F 

Drug allergy 

2.06 

2.74 

3.44 

1.11 

NEG 




Figure 1: Immunohistochemical staining with Anti-GCS antibody: trephine biopsy 

slides of hypereosinophilic patients without (slide A) and with (slide B) detectable 

expression of GCS. 



Discussion 

In many cases of suspected clonal eosinophilia, conventional 
methods to demonstrate clonality such as conventional 
cytogenetics and FISH fail to show a molecular lesion [15]. This 
has led others to seek alternative means to try to differentiate 
clonal from reactive eosinophilia. Cilloni, et al., have reported 
that WTi transcript amounts can discriminate between HES/ 
CEL and reactive eosinophilia in a study of 312 patients with 
hypereosinophilia [16], whilst Andersen, et al., have suggested 
that DNA methylation signature may help to distinguish clonal 
and suspected clonal eosinophilia from reactive eosinophilia 
[ 17 ]- 

In our study, we hypothesised that cases of clonal 
hypereosinophilia would have evidence of a reduced ceramide: 
glucosylceramide ratio and of increased glucose uptake. The 
finding of increased GCS expression might have proved useful 
in helping to establish a diagnosis in patients with suspected 
clonal eosinophilia and attempts at targeting of ceramide 
glycosylation might have emerged as a potential therapeutic 
strategy. However, our results failed to show any difference 
between mRNA expression levels of GCS, hexokinase and GLUT 
1 or in GCS protein expression in cases of suspected or proven 
clonal eosinophilia compared to cases of reactive eosinophilia. 
Drawbacks to our study include the very small number of 
cases studied and the undoubted heterogenous nature of cases 


that fall into the category of idiopathic HES and HEUS, with a 
substantial number of these cases probably not due to clonal 
eosinophilia. In addition, our study retrospectively measured 
parameters of the GCS system on trephine biopsies of patients 
with eosinophilia, rather than on purified eosinophils obtained 
from peripheral blood or bone marrow aspirate, making it less 
likely to detect any possible difference between clonal and 
non-clonal eosinophils due to contamination by other bone 
marrow hematopoietic and stromal cells. 

Despite these negative findings, the report of delayed 
spontaneous apoptosis and resistance to ceramide in cultured 
eosinophils from patients with HES [10], suggests that the 
ceramide pathway in certain subsets of clonal HES might still 
be of potential diagnostic and therapeutic importance and that 
further such studies of the ceramide/GSL system in purified 
eosinophils from larger numbers of patients with both clonal 
and reactive eosinophilia should be considered. 
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